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1
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

TECHNICAL FIELD

The present invention relates to a semiconductor storage
device and a method of manufacturing the same.

BACKGROUND ART

In a conventional poly-metal gate process, a polysilicon
resistor contains a metal and therefore has a low resistance.

Therefore, if a resistive element is formed by the polysili-
con resistor, a problem arises that the resulting circuit has a
large area.

DISCLOSURE OF THE INVENTION

A method of manufacturing a semiconductor device,
according to an embodiment is a method of manufacturing a
semiconductor device in which a resistive element is formed
from a silicon film used in a multilayer gate film of a MOS
transistor. forming a multilayer film on a semiconductor sub-
strate with an element isolation insulating film selectively
formed thereon, the multilayer film including a silicon film
stacked on the semiconductor substrate, a barrier metal film
that prevents diffusion of a metal into the silicon film stacked
on the silicon film, a metal film containing the metal stacked
on the barrier metal film and a hard mask film stacked on the
metal film. The method of manufacturing a semiconductor
device forms the multilayer gate film by selectively etching
the multilayer film to an upper surface of the semiconductor
substrate. The method of manufacturing a semiconductor
device forms a gate side wall insulating film on a side surface
of the multilayer gate film. The method of manufacturing a
semiconductor device selectively forms a resist film on the
multilayer gate film and the gate side wall insulating film
extending on the semiconductor substrate in a resistive ele-
ment region in which the resistive element is to be formed.
The method of manufacturing a semiconductor device selec-
tively removes by etching an upper part of the gate side wall
insulating film and the hard mask film using the resist film as
amask so as to expose a surface of the metal film. The method
of manufacturing a semiconductor device removes, by wet
etching, the metal film and the barrier metal film adjoining the
metal film in a region where the metal film is exposed and in
a region above the silicon film where the hard mask film
remains in the resistive region. The method of manufacturing
a semiconductor device removes the resist film after the wet
etching. The method of manufacturing a semiconductor
device, after the removal of the resist film, embedding a space
formed by removal of the metal film and the barrier metal film
and depositing a pre-metal dielectric to a level higher than an
upper surface of the remaining hard mask film. The method of
manufacturing a semiconductor device planarizes by CMP a
top part of the pre-metal dielectric using the remaining hard
mask film as a stopper.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing an example of a step in the
method of manufacturing a semiconductor device according
to the first embodiment.

FIG. 2 are cross-sectional views showing examples of
cross sections taken along the A-A' line and the B-B' line in
FIG. 1.
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FIG. 3 is a plan view showing an example of a step follow-
ing the step shown in FIG. 1 in the method of manufacturing
a semiconductor device.

FIG. 4 are cross-sectional views showing examples of
cross sections taken along the A-A' line and the B-B' line in
FIG. 3.

FIG. 5 is cross-sectional views showing examples of cross
sections taken along the A-A' line and the B-B' line in steps
following the step shown in FIG. 3 in the method of manu-
facturing a semiconductor device.

FIG. 6 is cross-sectional views showing examples of cross
sections taken along the A-At line and the B-B' line in steps
following the step shown in FIG. 3 in the method of manu-
facturing a semiconductor device, is continuous from FIG. 5.

FIG. 7 is cross-sectional views showing examples of cross
sections taken along the A-A' line and the B-B' line in steps
following the step shown in FIG. 3 in the method of manu-
facturing a semiconductor device, is continuous from FIG. 6.

FIG. 8 is cross-sectional views showing examples of cross
sections taken along the A-A' line and the B-B' line in steps
following the step shown in FIG. 3 in the method of manu-
facturing a semiconductor device, is continuous from FIG. 7.

FIG. 9 is a plan view showing another example of a step in
the method of manufacturing a semiconductor device accord-
ing to the first embodiment.

FIG. 10 is a plan view showing an example of a step in a
method of manufacturing a semiconductor device according
to the second embodiment.

FIG. 11 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 10 in steps in the method of manufacturing a
semiconductor device according to the second embodiment.

FIG. 12 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 10 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 11.

FIG. 13 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C
line in FIG. 10 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 12.

FIG. 14 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 10 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 13.

FIG. 15 is a plan view showing an example of a step
following the step shown in FIG. 14 in the method of manu-
facturing a semiconductor device according to the second
embodiment.

FIG. 16 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 15 in steps in the method of manufacturing a
semiconductor device according to the second embodiment.

FIG. 17 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 15 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 16.

FIG. 18 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 15 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 17.

FIG. 19 is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
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line in FIG. 15 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 18.

FIG. 201is cross-sectional views showing examples of cross
sections taken along the A-A' line, the B-B' line and the C-C'
line in FIG. 15 in steps in the method of manufacturing a
semiconductor device according to the second embodiment,
is continuous from FIG. 19.

FIG. 21 is a block diagram showing an example of a con-
figuration of a semiconductor storage device according to the
third embodiment.

COMPARATIVE EXAMPLE

For example, there is a technique of increasing the resis-
tance of a resistive element having a polysilicon resistor by
removing a hard mask film and a metal film in a region in
which the polysilicon resistor is formed.

However, the region from which the hard mask and the
metal are removed is lower than the other regions. As a result,
the region from which the hard mask and the metal are
removed can suffer from dishing in planarization by chemical
mechanical polishing (CMP).

In view of such circumstances, in the embodiments
described below, the hard mask and side wall removal pat-
terns for the poly-metal gate formed in the poly-metal gate
process are improved.

A technique of forming a polysilicon resistive element in a
poly-metal gate process by removing a metal on a polysilicon
while leaving a hard mask so as to prevent occurrence of
dishing in a subsequent CMP step will be described.

In the following, embodiments will be described with ref-
erence to the drawings.

First Embodiment

In a first embodiment, a method of manufacturing a semi-
conductor device in which a resistive element is formed from
a silicon film used in a multilayer gate film of a MOS tran-
sistor will be described, focusing on a resistive element region
in which the resistive element is formed.

FIG. 1 is a plan view showing an example of a step in the
method of manufacturing a semiconductor device according
to the first embodiment. FIG. 2 are cross-sectional views
showing examples of cross sections taken along the A-A' line
and the B-B' line in FIG. 1. FIG. 3 is a plan view showing an
example of a step following the step shown in FIG. 1 in the
method of manufacturing a semiconductor device. FIG. 4 are
cross-sectional views showing examples of cross sections
taken along the A-A' line and the B-B' line in FIG. 3. FIGS. 5
to 8 includes cross-sectional views showing examples of
cross sections taken along the A-As line and the B-B' line in
steps following the step shown in FIG. 3 in the method of
manufacturing a semiconductor device. In FIG. 1, for the sake
of simplicity, illustration of an element isolation insulating
film 2x is omitted.

First,as shownin FIGS. 1 and 2, amultilayer film is formed
on a semiconductor substrate 1 with the element isolation
insulating film 2x for element isolation selectively formed
thereon in a resistive element region, the multilayer film
including a silicon film 3, a barrier metal film 4 that prevents
diffusion of a metal (tungsten, for example) into the silicon
film 3, a metal film 5 containing the metal and a hard mask
film 6 stacked one on another in this order. In a transistor
region (not shown) of the semiconductor substrate 1, a tran-
sistor is formed in a region where the element isolation insu-
lating film 2x is not formed.
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The multilayer film is selectively etched to an upper sur-
face of the semiconductor substrate 1 to form a multilayer
gate film 100a. A gate side wall insulating film 7 is then
formed on the side surface of the multilayer gate film 100q.

In this embodiment, the silicon film 3 is a polysilicon film.
Alternatively, the silicon film 3 may be another conductive
silicon film, such as an amorphous silicon film.

The barrier metal film 4 contains a titanium (T1) film 4a
formed on the silicon film 3 and a titanium nitride (TiN) film
4b formed on the titanium film 4a. The barrier metal film 4
can be made of any other material, such as WN, that prevents
diftusion into the metal film 5.

The metal film 5 is a tungsten (W) film, for example.

The hard mask film 6 is a silicon nitride film, for example.
The gate side wall insulating film 7 is formed by an insulating
film, such as a silicon nitride film or a silicon oxide film.

As shown in FIG. 1, the multilayer gate film 100a including
the silicon film 3 is formed in a substantially zigzag configu-
ration on the semiconductor substrate 1, for example.

As shown in FIG. 1, in a resistive element region 1000 in
which the resistive element is to be formed, the silicon film 3
is electrically connected to two resisting electrodes (contacts)
200a and 2005 at the opposite ends thereof. The resisting
electrodes 200a and 2005 are electrically connected to a
circuit arrangement of another semiconductor element (not
shown).

Next, as shown in FIGS. 3 and 4, in the resistive element
region 1000, a resist film 8 is selectively formed on the mul-
tilayer gate film 100a and the gate side wall insulating film 7
extending on the semiconductor substrate 1.

Inthe cross-sectional view of FIG. 4(a), the multilayer gate
film 1004 and the gate side wall insulating film 7 are exposed.
In the cross-sectional view of FIG. 4(b), the resist film 8 is
selectively formed on the multilayer gate film 100a and the
gate side wall insulating film 7.

In this embodiment, in the resistive element region 1000,
the resist film 8 is formed in a line/space pattern on the
semiconductor substrate 1 (FIG. 3).

This pattern allows etching in a subsequent wet etching
step to proceed from the openings (space parts) in the resist
film 8 and the etchant to penetrate to the region under the
resist film 8.

Next, as shown in FIG. 5, using the resist film 8 as a mask,
an upper part of the gate side wall insulating film 7 and the
hard mask film 6 are selectively removed by dry etching, for
example, so as to expose the surface of the metal film 5.

In this embodiment, in the etching of the gate side wall
insulating film 7, the gate side wall insulating film 7 is etched
in such a manner that at least the surface, including the top
surface and side surfaces, of the silicon film 3 is not exposed.

Thus, processing of the silicon film 3 occurs only during
formation of the multilayer gate film 100a. Metal removal in
a subsequent step is performed by highly selective wet etch-
ing, so that size variations due to processing of the silicon film
3 can be reduced. That is, variations of the characteristics of
the resistive element due to processing of the silicon film 3
can be reduced.

Next, as shown in FIG. 6, in the resistive element region
1000, the metal film 5 and the barrier metal film 4 adjoining
the metal film 5 are removed by wet etching in the region
where the metal film 5 is exposed and in a region “x” above
the silicon film 3 where the hard mask film 6 remains. The
etchant used for the wet etching is sulfuric acid/hydrogen
peroxide, for example.

In this way, in the resistive element region 1000, the metal
film 5 and the barrier metal film 4 are removed from an upper
surface 3a of the silicon film 3. As a result, a polysilicon
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resistor having a high resistance can be formed in the semi-
conductor element formed in the poly-metal gate process.
That is, a resistive element having a high resistance can be
formed while reducing the increase of the circuit footprint.

Since the metal film 5 and the barrier metal film 4 are
selectively removed by highly selective wet etching as
described above, size variations due to processing of the
silicon film 3 can be reduced. That is variations of the char-
acteristics of the resistive element due to processing of the
silicon film 3 can be reduced.

After the wet etching, the resist film 8 is removed. After the
resist film 8 is removed, as shown in FIG. 7, spin coating or
the like is performed to fill the space formed by removal of the
metal film 5 and the barrier metal film 4 with a pre-metal
dielectric (PMD) 9a and deposit a PMD 956 to a level higher
than an upper surface 6a of the remaining hard mask film 6.

The PMDs 9a and 95 are silicon oxide films, for example.

Next, as shown in FIG. 8, a top part of the PMD 95 is
planarized by CMP using the remaining hard mask film 6 as
a stopper. In the CMP planarization, the hard mask film 6
remains on the metal film 5, so that the dishing that occurs in
the comparative example described above can be prevented
from occurring.

The resistive element formed in the method of manufac-
turing a semiconductor device according to this embodiment
described above includes the semiconductor substrate 1, the
multilayer structure film extending on the semiconductor
substrate 1, the multilayer structure film being formed by the
silicon film 3 stacked on the semiconductor substrate 1, the
PMD 9a stacked on the silicon film 3 and the hard mask film
6 stacked on the PMD 9a, the gate side wall insulating film 7
formed on the side surface of the multilayer structure film,
and the PMD 954 deposited on the semiconductor substrate 1
to the level of the upper surface of the hard mask. In the
resistive element, a part of the gate side wall insulating film 7
and a part of the hard mask film 6 are selectively removed so
that the PMDs 9a and 95 are connected to each other, the
PMDs 9a and 96 are made of the same material, and the
silicon film 3 is electrically connected to the two resisting
electrodes 200a and 2005 at the opposite ends thereof.

As described above, the resistive element formed in the
method of manufacturing a semiconductor device according
to the first embodiment is suitable for a multilayer structure,
because dishing is unlikely to occur in the CMP planarization.

FIG. 9 is a plan view showing another example of a step in
the method of manufacturing a semiconductor device accord-
ing to the first embodiment. In FIG. 9, the same reference
numerals denote the same components as those in FIG. 1.

As shown in FIG. 9, in the resistive element region 1000,
the resist film 8 can also be formed in a slit pattern on the
semiconductor substrate 1, for example.

This pattern also allows etching in the subsequent wet
etching step to proceed from the openings (space parts) in the
resist film 8 and the etchant to penetrate to the region under
the resist film 8.

As described above, according to the method of manufac-
turing a semiconductor device according to the first embodi-
ment, aresistive element having desired characteristics can be
formed with a polysilicon resistor while reducing the increase
of the circuit footprint.

Second Embodiment

The above first embodiment has been described focusing
on the resistive element region in which the resistive element
is formed. In the first embodiment, in the resistive element
region, the barrier metal film is formed directly on the silicon
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film. Therefore, a silicide film is formed at the interface
between the silicon film and the barrier metal film. The sili-
cide film is hardly removed by wet etching and can remain.
Thus, the resistance of the resistive element is difficult to
control.

In view of this, in an second embodiment, an example of a
method that prevents formation of such a silicide film in the
resistive element region will be described. The second
embodiment will be described focusing on two regions, the
resistive element region and the transistor region in which a
MOS transistor is formed.

FIG. 10 is a plan view showing an example of a step in a
method of manufacturing a semiconductor device according
to the second embodiment. FIGS. 11 to 14 are cross-sectional
views showing examples of cross sections taken along the
A-A'line, the B-B'line and the C-C' line in FIG. 10 in steps in
the method of manufacturing a semiconductor device accord-
ing to the second embodiment. FIG. 15 is a plan view showing
an example of a step following the step shown in FIG. 14 in
the method of manufacturing a semiconductor device accord-
ing to the second embodiment. FIGS. 16 to 20 are cross-
sectional views showing examples of cross sections taken
along the A-A'line, the B-B' line and the C-C' line in FIG. 15
in steps in the method of manufacturing a semiconductor
device according to the second embodiment. In FIGS. 10 to
20, the same reference numerals as those in FIGS. 1 to 8
denote the same components as those in the first embodiment.

FIG. 10 shows a state where multilayer gate films 100a and
1005 and gate side wall insulating films 7 are formed in a
resistive element region 1000 and a transistor region 2000 in
which a MOS transistor is to be formed on a semiconductor
substrate 1 with an element isolation insulating film 2.x selec-
tively formed thereon. The method of manufacturing a semi-
conductor device according to the second embodiment will be
described focusing on the resistive element region 1000 and
the transistor region 2000.

First, as shown in FIG. 11, a silicon film 3 and a protective
film 10 are formed in the resistive element region 1000 on the
semiconductor substrate 1 with the element isolation insulat-
ing film 2x formed thereon, and a gate insulating film 2, a
silicon film 3 and a protective film 10 are formed in the
transistor region 2000 in which a MOS transistor is to be
formed on the semiconductor substrate 1 with the element
isolation insulating film 2x selectively formed thereon. The
protective film 10 is an insulating film, such as a silicon oxide
film and a silicon nitride film.

The conditions of ion implantation to the silicon film 3 in
the resistive element region 1000 can be different from the
conditions of ion implantation to the silicon film 3 in the
transistor region 2000. That is, the impurity concentration of
the silicon film 3 in the transistor region 2000 can be different
from the impurity concentration of the silicon film 3 in the
resistive element region 1000.

Thus, the resistance of the resistive element formed in the
resistive element region 1000 can be designed and controlled
independently of the conditions of manufacture of the tran-
sistor.

Next, as shown in FIG. 12, in the resistive element region
1000, a resist film 11 is formed on the protective film 10, and
the protective film 10 on the silicon film 3 in the transistor
region 2000 using the resist film 11 as a mask. In this way, the
protective film is removed in a part to be used for a poly-metal
gate. In a part to be used for a resistive element of the resistive
element region 1000, the protective film 10 exists, and there-
fore no silicide is formed at the interface between the barrier
metal and the silicon.
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Next, as shown in FIG. 13, a barrier metal film 4, a metal
film 5 containing a metal and a hard mask film 6 are stacked
one on another in this order.

More specifically, in the formation of the multilayer film in
the resistive element region 1000, the protective film 10 that
prevents formation of silicide is formed on the silicon film 3,
and the barrier metal film 4 is formed on the protective film
10.

Next, as shown in FIG. 14, the resulting multilayer film is
selectively etched to the upper surface of the semiconductor
substrate 1, thereby forming multilayer gate films 10041 and
1004. The gate side wall insulating films 7 are then formed on
the side surfaces of the multilayer gate films 10041 and 1005,
and a source-drain region la is formed in the transistor region
2000 by ion implantation.

In this way, in the resistive element region 1000, the mul-
tilayer gate film 1005 with the protective film 10 formed
between the silicon film 3 and the barrier metal film 4 is
formed (FIGS. 14(a) and 14(b)), whereas in the transistor
region 2000, the multilayer gate film 10041 with no protective
film 10 formed between the silicon film 3 and the barrier
metal film 4 is formed (FIG. 14(c)).

Next, as shown in FIGS. 15 and 16, in the resistive element
region 1000, a resist film 8 is selectively formed on the mul-
tilayer gate film 1001: and the gate side wall insulating film 7
extending on the semiconductor substrate 1 (FIGS. 16(a) and
16(5)). And in the transistor region 2000, a resist film 8 is
formed to cover the whole of the top of the multilayer gate
film 100a1 and the top of the gate side wall insulating film 7
(FIG. 16(¢)).

In this embodiment, in the resistive element region 1000,
the resist film 8 is formed in a line/space pattern on the
semiconductor substrate 1 (FIG. 15).

As in the first embodiment, this pattern allows etching in a
subsequent wet etching step to proceed from the openings
(space parts) in the resist film 8 and the etchant to penetrate to
the region under the resist film 8.

Next, as shown in FI1G. 17, as in the first embodiment, using
the resist film 8 as a mask, an upper part of the gate side wall
insulating film 7 and the hard mask film 6 are selectively
removed by dry etching, for example, so as to expose the
surface of the metal film 5.

As in the first embodiment, in the etching of the gate side
wall insulating film 7, the gate side wall insulating film 7 is
etched in such a manner that at least the surface, including the
top surface and side surfaces, of the silicon film 3 is not
exposed.

Thus, processing of the silicon film 3 occurs only during
formation of the multilayer gate film 1005. Metal removal in
a subsequent step is performed by highly selective wet etch-
ing, so that size variations due to processing of the silicon film
3 can be reduced. That is, variations of the characteristics of
the resistive element due to processing of the silicon film 3
can be reduced.

Next, as shown in FIG. 18, in the resistive element region
1000, the metal film 5 and the barrier metal film 4 adjoining
the metal film 5 are removed by wet etching in the region
where the metal film 5 is exposed and in a region “x” above
the silicon film 3 where the hard mask film 6 remains. As in
the first embodiment, the etchant used for the wet etching is
sulfuric acid/hydrogen peroxide, for example.

In this etching, as described above, the protective film 10,
such as a silicon oxide film is not removed.

In the transistor region 2000, the metal film 5 and the
barrier metal film 4 are covered with the hard mask film 6 and
the gate side wall insulating film 7 and therefore are not
removed by the wet etching.
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In this way, in the resistive element region 1000, the metal
film 5 and the barrier metal film 4 are removed from an upper
surface 3a of the silicon film 3. As a result, a polysilicon
resistor having a high resistance can be formed in the semi-
conductor element formed in the poly-metal gate process.
That is, a resistive element having a high resistance can be
formed while reducing the increase of the circuit footprint.

Since the metal film 5 and the barrier metal film 4 are
selectively removed by highly selective wet etching as
described above, size variations due to processing of the
silicon film 3 can be reduced. That is, variations of the char-
acteristics of the resistive element due to processing of the
silicon film 3 can be reduced.

Furthermore, the protective film 10 between the barrier
metal film 4 and the silicon film 3 prevents formation of a
silicide film that affects the resistance of the resistive element.
That is, the resistance can be easily controlled.

After the wet etching, the resist film 8 is removed. After the
resist film 8 is removed, as shown in FIG. 19, spin coating or
the like is performed to fill the space formed by removal of the
metal film 5 and the barrier metal film 4 with a PMD 94 and
deposita PMD 954 to a level higher than an upper surface 6a of
the remaining hard mask film 6.

Next, as shown in FIG. 20, a top part of the PMD 95 is
planarized by CMP using the remaining hard mask film 6 as
a stopper. As in the first embodiment, in the CMP planariza-
tion, the hard mask film 6 remains on the metal film 5, so that
the dishing that occurs in the comparative example described
above can be prevented from occurring.

The resistive element formed in the method of manufac-
turing a semiconductor device according to this embodiment
described above includes the semiconductor substrate 1 with
the element isolation insulating film 2x formed thereon, the
multilayer structure film extending on the semiconductor
substrate 1, the multilayer structure film being formed by the
silicon film 3 stacked on the semiconductor substrate 1, the
protective film 10 stacked on the silicon film 3 the PMD 9a
stacked on the protective film 10, the PMD 94 stacked on the
protective film 9a and the hard mask film 6 stacked on the
PMD 9aq, the gate side wall insulating film 7 formed on the
side surface of the multilayer structure film, and the PMD 95
deposited on the semiconductor substrate 1 to the level of the
upper surface of the hard mask. In the resistive element, a part
of the gate side wall insulating film 7 and a part of the hard
mask film 6 are selectively removed so that the PMDs 94 and
95b are connected to each other, the PMDs 9a and 95 are made
of the same material, and the silicon film 3 is electrically
connected to two resisting electrodes 200a and 2005 at the
opposite ends thereof.

As in the first embodiment, the resistive element formed in
the method of manufacturing a semiconductor device accord-
ing to the second embodiment is suitable for a multilayer
structure, because dishing is unlikely to occur in the CMP
planarization.

As described above, according to the method of manufac-
turing a semiconductor device according to the second
embodiment, a resistive element having desired characteris-
tics can be formed with a polysilicon resistor while reducing
the increase of the circuit footprint.

Third Embodiment

In an third embodiment, an example of a configuration of a
semiconductor storage device, such as an MRAM, that incor-
porates the semiconductor device manufactured in the
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method of manufacturing a semiconductor device according
to the first or second embodiment described above will be
described.
FIG. 21 is a block diagram showing an example of a con-
figuration of a semiconductor storage device according to the
third embodiment.
A semiconductor storage device (MRAM, for example)
“M” includes a resistive element “R” formed on a semicon-
ductor substrate 1 according to the first or second embodi-
ment described above and a MOS transistor “Ir” formed on
the semiconductor substrate 1.
With the semiconductor storage device “M”, the resistive
element “R” is formed at the same time with the MOS tran-
sistor “Tr”, and the circuit footprint of the resistive element
“R” can be reduced. Furthermore, since occurrence of dishing
can be prevented in the CMP planarization, the semiconduc-
tor storage device “M” is suitable for forming a multilayer
structure.
The embodiments are given only for the sake of illustra-
tion, and the scope of the present invention is not limited to the
embodiments.
The invention claimed is:
1. A method of manufacturing a semiconductor device in
which a resistive element is formed from a silicon film used in
a multilayer gate film of a MOS transistor, comprising:
forming a multilayer film on a semiconductor substrate
with an element isolation insulating film selectively
formed thereon, the multilayer film including a silicon
film stacked on the semiconductor substrate, a barrier
metal film that prevents diffusion of a metal into the
silicon film stacked on the silicon film, a metal film
containing the metal stacked on the barrier metal film
and a hard mask film stacked on the metal film;

forming the multilayer gate film by selectively etching the
multilayer film to an upper surface of the semiconductor
substrate;

forming a gate side wall insulating film on a side surface of

the multilayer gate film;

selectively forming a resist film on the multilayer gate film

and the gate side wall insulating film extending on the
semiconductor substrate in a resistive element region in
which the resistive element is to be formed;

selectively removing by etching an upper part of the gate

side wall insulating film and the hard mask film using the
resist film as a mask so as to expose a surface of the metal
film;

removing, by wet etching, the metal film and the barrier

metal film adjoining the metal film in a region where the
metal film is exposed and in a region above the silicon
film where the hard mask film remains in the resistive
region;

removing the resist film after the wet etching;

after the removal of the resist film, embedding a space

formed by removal of the metal film and the barrier
metal film and depositing a pre-metal dielectric to a level
higher than an upper surface of the remaining hard mask
film; and

planarizing by CMP a top part of the pre-metal dielectric

using the remaining hard mask film as a stopper.

2. The method of manufacturing a semiconductor device
according to claim 1, wherein in a transistor region in which
the MOS transistor is to be formed, the resist film is formed to
cover the whole of the multilayer gate film and the gate side
wall insulating film.

3. The method of manufacturing a semiconductor device
according to claim 2, wherein in the resistive element region,
in the formation of the multilayer film, a protective film that
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prevents formation of a silicide is formed on the silicon film,
and the barrier metal film is formed on the protective film.

4. The method of manufacturing a semiconductor device
according to claim 2, wherein an impurity concentration of
the silicon film in the transistor region is different from an
impurity concentration of the silicon film in the resistive
element region.

5. The method of manufacturing a semiconductor device
according to claim 1, wherein in the resistive element region,
the resist film is formed in a slit pattern on the semiconductor
substrate.

6. The method of manufacturing a semiconductor device
according to claim 1, wherein in the etching of the gate side
wall insulating film, the gate side wall insulating film is
etched in such a manner that at least a surface of the silicon
film is not exposed.

7. The method of manufacturing a semiconductor device
according to claim 1, wherein the silicon film is a polysilicon
film.

8. The method of manufacturing a semiconductor device
according to claim 1, wherein the silicon film is electrically
connected to two resisting electrodes at opposite ends thereof.

9. The method of manufacturing a semiconductor device
according to claim 1, wherein the etchant used for the wet
etching is sulfuric acid/hydrogen peroxide.

10. The method of manufacturing a semiconductor device
according to claim 1, wherein the barrier metal film contains
a titanium film formed on the silicon film and a titanium
nitride film formed on the titanium film.

11. The method of manufacturing a semiconductor device
according to claim 3, wherein the protective film is a silicon
oxide film or a silicon nitride film.

12. The method of manufacturing a semiconductor device
a semiconductor storage device according to claim 1, wherein
the hard mask film is a silicon nitride film.

13. The method of manufacturing a semiconductor device
according to claim 1, wherein the metal film is a tungsten film.

14. The method of manufacturing a semiconductor device
according to claim 1, wherein the etching for the multilayer
film is dry etching.

15. The method of manufacturing a semiconductor device
according to claim 1, wherein the pre-metal dielectric is
formed by spin coating.

16. A semiconductor device, comprising:

a semiconductor substrate with an element isolation insu-

lating film selectively formed thereon;

a multilayer structure film extending on the semiconductor
substrate, the multilayer structure film including a sili-
con film stacked on the semiconductor substrate, a first
pre-metal dielectric stacked on the silicon film and a
hard mask film stacked on the first pre-metal dielectric;

a gate side wall insulating film formed on a side surface of
the multilayer structure film; and

a second pre-metal dielectric formed on the semiconductor
substrate to a level of an upper surface of the hard mask,

wherein a part of the gate side wall insulating film and a
part of the hard mask film are selectively removed so that
the first pre-metal dielectric and the second pre-metal
dielectric are connected to each other,

the first pre-metal dielectric and the second pre-metal
dielectric are made of a same material, and

the silicon film is electrically connected to two resisting
electrodes at opposite ends thereof.
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